Some xenolith-bearing Hoggar basanites and nephelinites possibly represent primary or near-primary magmas on account of their mg and Ni values. Simple model calculations show that they could be derived by 5 8 percent partial melting of a garnet-bearing pyrolite source. They are characterized by LREE enriched abundance patterns and by highly variable abundances of compatible and incompatible trace elements. These compositional features are compatible with derivation by small degrees of melting of an inhomogeneous mantle source recently enriched in LREE and other incompatible elements. Model cal culations involving transition metal and REE contents do not support a cogenetic origin of the ultramafic xenoliths as source or residual material. Megacrysts of kaersutite, clinopyroxene, orthopyroxene, oligo clase, ilmenite and zircon are considered to represent high-pressure near-liquidus to near-solidus phases precipitated from basanitic magmas. Inconsistencies in trace element contents of some kaersutites and clinopyroxenes and host basalts suggest that these megacrysts are not strictly cognate with respect to their present hosts.
INTRODUCTION
According to BERTRAND and CABY (1978) the Precambrian basement of the Hoggar in the central Sahara represents an ancient (ca. 650my) suture line.
The inherited Pan-African struc tures have been reactivated during the important Phanerozoic epirogenic doming, uplift and rift ing events associated with alkaline volcanism (BALL, 1980) . This Miocene to Quaternary volcanic activity produced strato-volcanoes, lava flows, cinder cones and plugs which now con stitute the mountaninous areas Atakor, Tahalra, Egere Settefet and Adrar N'Ajjer, a region situated roughly between 4 8°E and 22 25°N (Fig. 1) . The volcanic rocks are generally rich in alkalis and can be classified into basanites, olivine nephelinites, alkali olivine basalts, ankaratrites, hawaiites, mugearites, phonolites and trachytes (BORDET, 1952 , GIROD, 1965 . Mantle-derived xenoliths (GIROD, 1967 , GIROD et al., 1981 , MILLER and RICHTER, 1983 in some lavas constitute evidence of primary or relatively undifferentiated magma compositions.
Major and trace element data of these basaltic rocks are used to discuss the relations between the ultramafic xenoliths, megacrysts and host lavas and to assess the nature of the lava forming processes and the upper mantle beneath the Hoggar shield. Analytical methods: major and trace element abundances of basalts and some megacrysts were obtained by X-ray fluorescence analysis. Details and data precision of the trace element determination are given by NISBET et al. (1979) , and those of the Fe203 determination by AYRANCI (1976) . REE data were determined by INAA. Homogeneity in megacrysts and basanite mineral phases were analyzed by elec tron microprobe.
PETROGRAPHY AND CHEMISTRY OF THE INCLUSION-BEARING BASANITES
The lavas are hypocrystalline.
Phenocrysts are: colour and sector zoned alum_inous Ti salites and zoned olivines (core: Fo = 87 83, rim: Fo = 76 80).
The matrix consists of clinopyroxene (aluminous Ti-salite), olivine (Fo = 75 82) , plagioclase (An76Ab23Or1-An53Ab43 Or4), rare anorthoclase (An18Ab640r18-An5Ab80 Orl s), ± analcime, ± nepheline (Ne80Ks15An5), titanomagnetite and apatite. The major and trace element chemistry of nine inclusion-bearing basanites is given in Table  1 B: Map of the Hoggar shield (after BERTRAND and CABY, 1978) showing areas of recent volcanism (black) and sample localities (1 = Silet, 2 = Assekrem, 3 = Ideles , 4 = Imesseredjene).
8.1 percent for a pyrolite (RINGWOOD, 1966) model source on the assumption that P2O5 is completely incompatible and hence parti tioned into the melt. The calculated residual modal compositions based on these melting values show that the Hoggar basanites could be derived from a mantle source leaving residual olivine (54 57%), orthopyroxene (25 29%), clinopyroxene (10 15 %) and garnet (5 7 %). Calculations based on K20 indicate partial melt ing proportions of 6.4 15.9%. The poor cor relation between K and P could be due to a heterogeneous distribution of K2O in the mantle or. to the presence of a residual K-bearing phase (phlogopite, amphibole).
The chondrite normalized transition metal distributions show the regularly fractionated patterns typical of primary alkali basaltic rocks from a variety of environments (Fig. 2 a) . As suming melting fractions based on P2O5, equi librium melting (SHAW, 1970 ) and a garnet lherzolite source, transitional elements of the four least fractionated basalts were used to calculate their abundances in possible mantle source rocks.
Depending on the choice of parameters (melting mantle mode, partition coefficients) these simple calculations yielded values (Fig. 2 b) which show a regular fractiona tion pattern relative to C 1 chondrites with en richment for Sc, Ti, V and depletion for Cr, Co, Ni. These values are close to transition metal concentrations in garnet lherzolites from Salt Lake Crater, Hawaii, which have been con sidered to be suitable source rocks for basaltic liquids (e.g. LEEMAN et al., 1980) . Comparison with pertinent trace element abundances in the Hoggar spinel lherzolite and pyroxenite xeno liths (MILLER and RICHTER, 1983) argues against a cogenetic relationship as either source or resid ual material (Fig. 2 b) .
Cr/Ni ratios are relatively uniform (1.6 1.8) and probably reflect an olivine-rich mantle source, as Cr and Ni have high distribution coef ficients for clinopyroxene and olivine, respec tively (LEEMAN, 1976) . The Ti/V ratios (63 73) are within the narrow range (61 90) for primi tive continental alkali basaltic rocks which could Major oxides were recalculated to 100 percent on a volatile free basis. CO2 + H2 0 is ignition loss corrected for oxydation of sample, mg-values were calculated for a constant Fe2031Fe0 = 0.15. Normalizing values: LANGMUIR et al. (1977) . Locality indicate partial melting of a source rock con taining amphibole (WASS, 1980) . Amphibole (or high Ti-phlogopite-) bearing mantle as semblages have been interpreted as evidence for mantle metasomatism prior to basalt generation (for examples, see LLOYD and BAILEY, 1975, BOETTCHER and O'NEIL, 1980) . Such a meta somatic event would be consistent with the ob served enrichment of LREE, Ba, Zr, Rb, Sr, Ti, K, P. Localized metasomatic activity could also induce small scale heterogeneities in the source region and hence explain the observed variation range in the ratios of incompatible elements (e.g. 30! for Zr/Nb) that change little during geological processes (GAST, 1968). The highly LREE enriched REE contents (Table 2 ) are typical of Ne-normative basanites and small degrees of partial melting. They plot within the range for supposedly primary nepheline-normative basalts from Victoria, Tas mania, Ross Island and Hawaii (Fig. 3 a) . This confirms the observation that basalts of similar major element composition from different geographic areas usually have similar REE abun dances (e.g. KAY and GAST, 1973 , SUN and HANSON, 1975 b, FREY et al., 1978 . Assuming magma formation under equilibrium conditions (SHAW, 1970) , several partial melting models were examined to see if these distinctive REE abundance patterns are determined by the (SHA w, 1970) was utilized with a residual mode of 55% olivine, 25% ortho pyroxene, 15% clinopyroxene, 5% garnet. Equation 15 (SHA w, 1970) was utilized with an initial mode of 56% olivine, 16% orthopyroxene, 13% clinopyroxene, 15% garnet and a melting mode of 5% olivine, 20% ortho pyroxene, 25% clinopyroxene, 50% garnet. Partition coefficients are given by DRAKE (1976 ), FREY et al. (1978 , IRVING (1980 ), WASS (1980 . Shown for comparison are transition metal abundances in garnet lherzolite (asterics) from Salt Lake Crater, Hawaii (FREY, 1980) and in 4 spinel lherzolite xenoliths from the Hoggar (MILLER and RICHTER, 1983). mineralogy of the source region. (Fig. 3 b shows that the calculated REE concentrations in the hypothetical melts do not approximate the nephelinitic host REE profiles if mantle source and melting modes were chosen to be com patible with the observed lherzolite xenoliths (MILLER and RICHTER, 1982) . The REE abun dance patterns of the calculated equilibrium liquids change as a function of degree of fusion, the crystal/liquid partition coefficients, the source material mode and the proportions in which the mantle phases melt. However, model calculations show that only fusion of a garnet bearing lherzolite can produce liquids with the strongly LREE enriched patterns of the Hoggar basanites. This result suggests a basanite origin by mantle anatexis at depths ? 20 kb (O'HARA et al., 1971) .
For a garnet bearing source, any set of parti tion coefficients and equilibrium melting, three sets of source models can be calculated by varying the degree of melting and the garnet content of the residual mantle. This is illus trated in Fig. 3 c for primary nephelinite H 136/ 1. A pyrolite source model for H 136/1 requires 7 percent melting (based on P205 and K20 con tents). The mode for the residual bulk composi tion was then calculated according to FREY et al. (1978) . The 7 percent melt model source (a) is based on a residual mantle mode of 53 57% olivine, 26-27% orthopyroxene, 11-14% clinopyroxene, 5-6% garnet.
It requires a LREE enriched upper mantle source for any reasonable set of partition coefficients (see discussion in FREY et al., 1978) and for both modal and non-modal batch melting (SHAW, 1970) . With La/YbCH of 4.5 5.7 this model is similar to those presented by HAN SON (1975 b), FREY et al. (1978) and consistent with other conclusions that primary alkali basalts are derived by anatexis of a LREE enriched mantle source (FREY and GREEN, 1974 , LLOYD and BAILEY, 1975 , BOETTCHER and O'NEIL, 1980 , MENZIES and MURTHY, 1980 . As the Nd isotope systematics of the Hoggar volcanics (ALLEGRE et al., 1981 ) require a time integrated LREE depleted source, this enrich ment must have been due to a relatively recent metasomatic event.
For the adopted partition coefficients (Fig. 3) , 'a near chondritic REE distribution at a concentration level of about 2 times chon drites (model (b), Fig. 3 c) can only be simu Fig. 3 . A: Chondrite normalized REE abundances in four Hoggar basanites. Shown for comparison is the REE data range for supposedly primary alkali basaltic rocks from Victoria, Tasmania (FREY et al., 1978) , Hawaii (FREY, 1980), Ross Island (SUN and HANSON, 1975 b) .
B: Chondrite normalized REE abundances in two spinel lherzolite xenoliths and their hosi-basanites. Shaded area represents range of liquids in equilibrium with spinel-lherzolite xenoliths. In the model calcula tions, equation 15 of SHAW ' (1970) was utilized with degree of melting equal to 6% (124/6) and 7% (99/18). Partition coefficients have been taken from LEEMAN (1976) and IRVING (1980) . Proportions of phases in the model source rock (I) and melting proportions (P) as indicated.
C: REE abundances in the calculated mantle source for nephelinite H 136/1. Model (a) is based of mode: 57% ol, 27% opx, 11 % cpx, 5% gar) and nonn melting proportions: 5% ol, 10% opx, 30% cpx, 55% culated with equation 11 (SHA w, 1970) , 1 percent met gar. Model (c) was calculated with 1 percent melting 22% opx, 14% cpx, 10% gar) and 15 (initial mode: 5% opx, 30% cpx, 65% gar). Partition coefficients are ft SHAW, 1970) for modal (residual 11% cpx, 5 % gar) and nonmodal (initial mode: 50% ol, 25% opx, 15% cpx, 10% gar; 1, 10% opx, 30% cpx, 55% gar) equilibrium melting (7 percent). Model (b) was cal , 1 percent melting and a residual mode of 55% ol, 25% opx, 15% cpx, 5% percent melting and SHA w's (1970) equations 1 (residual mode: 54%ol, (initial mode: 50% ol, 25% opx, 15% cpx, 10% gar; melting proportions: Partition coefficients are from FREY et al. (1978, set 3 ). lated by < 1 percent of equilibrium melting of a garnet-poor mantle source (!!~ 5 percent gar net). Although arguments exist in favor of an upper mantle source with chondritic REE abun dances (KAY and GAST, 1973 ) the Pb, Sr, and Nd isotope data (ALLEGRE et al., 1981) do not support this model (b).
For the initial modes and residual minerals adopted in model (a) and very low degrees of melting (c 1 percent), model (c) predicts a LREE depleted source (La/YbCH = 0.65) with Nd/Sm less than the chondritic ratio. Even if this model is consistent with the Nd isotope data, model (a) requiring 5 8 % melting is preferred because metasomatism would not only account for the source enriched in LREE and incompatible elements but also provide a mecha nism for the localized generation of magma by supplying C02, H20 and radiogenic heat sources. Similar overall source REE distributions can be modelled for the other analyzed primary basalts.
MEGACRYSTS
Rounded fragments of single crystals up to 10 cm in length are common at some localities. They usually occur in scoria cones. They are characterized by a vitreous appearance, homo geneous compositions and lack of exsolution features. Overgrowths of zoned Ti-augite some times indicate disequilibrium with the host lava at the time of eruption.
Kaersutite
Black kaersutite megacrysts are abundant, especially at Silet. Ti02 ranges from 4.2 to 7.05 wt%, usually exceeding 0.5 Ti in Y/formula unit (Table 3) . Compared with the amphiboles in the garnet pyroxenite xenoliths these megacrysts are lower in mg and very low in Cr and Ni. These and other trace element concentrations are also listed in Table 3 . Mg values calculated on a Fe"-free basis being 58.1 71.6, these amphiboles are sufficiently magnesian to have crystallized at relatively high, near liquidus temperatures. With uniform 510 values of 4. 
Clinopyroxene
The clinopyroxene mega crysts (Table 3) are low Cr-, titaniferous, alumi nous augites (7.1 8.9% A1203) with appreciable Ca-Tschermak (9.6 14.5 mol%) and titanopyro xene (4.5 8.7 mol%) molecules.
They are compositionally very similar to clinopyroxenes in Al-augite series xenoliths (WILSHIRE and SHERVAIS, 1975) and to high-pressure megacrysts reported from other localities (WILKINSON, 1975 , WASS, 1979 ), but they have CaO contents distinctly higher (19.0 21.2) than most of the clinopyroxene megacrysts studied by BINNS et al. (1970) and by IRVING (1974) .
Compared with the phenocryst and ground mass clinopyroxenes in the host-basanites they are richer in Si, Mg, Na and poorer in Ti and Ca. In the megacrysts, Al is partitioned between tetrahedral and octahedral sites in ratios be tween 1.9 2.3 (calculated with E Fe = Fe"), whereas this ratio increases to 3.4 21.3 for the groundmass clinopyroxenes.
Although these trends of increasing Al''/AIVI, (Ti + Ale')/Si and Ti02/mg describe the main compositional differences between the megacrysts and low pressure basanite clinopyroxenes, they cannot be used quantitatively as geobarometers because of overlapping effects of temperature (THOMP SON, 1974) and changing liquid composition (GUPTA et al., 1973) . Still, minimum pressures of 7 9kb (in the 1,000 1,200°C temperature LANGMUIR et al. (1977 ), FREY et al. (1978 ), IRvING (1980 and WASS (1980) . There fore these clinopyroxenes are not considered to be cognate phenocrysts precipitated from the host basanites.
Orthopyroxene
The scarce orthopyroxene megacrysts are aluminous bronzites and differ in composition and color from the analyzed lherzolite and pyroxenite orthopyroxenes (MILLER and RICHTER, 1982) . As Table 3 Olivine Olivine megacrysts are rare have mg between 88 80. Their Fo contents are similar to those in the pyroxenite olivines but lower than those in the lherzolite olivines. They differ from both by higher CaO contents (0.10 0.19) and sometimes show evidence of carbonation along cleavages and fractures.
Plagioclase
The transparent oligoclase mega crysts (An = 23 25) are not common. Their high Or content (4 4.5 mol%) and 5180 of 6 %o could indicate that they formed from an alkalic liquid at elevated pressures. Experimental data on high pressure stability of plagioclase show increasing Na with increasing pressure (LINDSLEY, 1967) .
Zircon
Zircon is scarce. It has not been analyzed, but its 5180 values of 4.8 4.9%o are compatible with a high temperature origin.
Ilmenite
The geikielite content of the 3 analyzed ilmenites (20.4 25.5 mot %) probably reflects high mg of the host melts from which they crystallized. Except for lower Al contents (A1203 = 0.08 0.19), the ilmenites are similar in composition to those crystallized from an olivine basanite at 25 kb bt GREEN and SOBOLEV (1975) .
DISCUSSION

Conditions of megacryst formation
The absence of exsolution phenomena and deforma tional features indicates that the megacrysts were cooled from high temperatures. Although the occurrence of orthopyroxene, evidence of marginal resorption and reaction and the trace element data imply that these megacrysts were out of equilibrium with their host magmas, recurring associations of such megacryst as semblages with alkali basaltic host rocks suggest a genetic relationship. Experiments on a limited number of alkali basaltic compositions (GREEN and RINGWOOD, 1967 , GREEN and HIBBERSON, 1970 , BULTITUDE and GREEN, 1971 , GREEN, 1973 , BREY and GREEN, 1975 , MERILL and WYLLIE, 1975 , EGGLER, 1978 have demon strated that at high pressures and in the presence of CO2 and H2O clinopyroxene, orthopyroxene and kaersutite megacrysts could be liquidus or near liquidus phases. The presence of these volatiles in the magma is indicated by kaersutite and by C02-rich fluid inclusions in some of the megacrysts and phenocrysts. The absence of garnet megacrysts places some constraints on the maximum pressure of crystallization, as garnet does not appear in any of these undersaturated compositions at or near the liquidus at pres sures below 18kb and does not seem to be a major phase at pressures below 27kb. Ortho pyroxene could be stabilized in basanitic liquids relative to clinopyroxene and olivine in the presence of CO2 at pressures between 13.5 30kb depending on bulk chemistry. The maxi mum pressure estimate is substantiated by ex perimental studies summarized by MERRILL and WYLLIE (1975) , showing that the breakdown of a variety of amphiboles occurs at pressures of less than 30kb.
According to MERRILL and WYLLIE (1975) amphibole and clinopyroxene were stabilized as liquidus phases from a host olivine basanite with 4wt% dissolved water at 20kb, 1,150°C. Clinopyroxene + amphibole ± orthopyroxene megacrysts could have crystal lized simultaneously from such a magma with more than 4 wt % dissolved water at pressures between 18 21kb and temperatures between about 1,100 1,200°C. Minimum pressures of 10 15 kb are indicated by the fact that the oc currence of dense lherzolite nodules in the Hog gar lavas implies that any settling of crystals must have taken place at a depth similar to or greater than that of the lherzolite inclusion. If this simplistic approach is applicable, the clino pyroxene + kaersutite + orthopyroxene and kaersutite + clinopyroxene megacryst associa tions are interpreted as high pressure (12 20 kb) near-liquidus to near-solidus (low Cr) phases of hydrous alkali basaltic melts. The assemblage clinopyroxene + oligoclase + zircon is considered to represent a near-solidus precipitate at pres sures less than 12kb (IRVING, 1974) .
Genesis of basaltic rocks
Geochemical para meters such as mg-values and Ni contents and the occurrence of mantle-derived xenoliths indicate that some of the Hoggar alkali basaltic rocks represent near-primary liquids. Based on a pyrolite model source these nepheline basa nites require 5 8% partial melting. A garnet bearing source is inferred from the observed degree of fractionation of the chondrite nor malized REE. Experimental data (GREEN, 1973) show, that basanite is a possible melt (6%) from garnet peridotite provided there is enough water in the source region to yield a content of 3 7 percent H20 in the magma. Partial melting model calculations suggest that this mantle source region is characterized by fractionated transition metal abundances similar to those observed in garnet lherzolite from Salt Lake Crater, Hawaii, and by an enrichment in the incompatible elements LREE, Ba, Ti of about 8 14 times chondritic abundances.
The ap parent conflict of this LREE enriched model source with the Nd isotopic data (ALLEGRE et al., 1981) could be reconciled if the enrichment event occurred so recently that it is not reflected in the isotope data. The lack of systematic correlation among incompatible trace elements, transition metals and parameters such as mg values, P205 or degree of undersaturation, the highly variable key elemental ratios and crossing chondrite normalized REE patterns are at tributed to small degrees of partial melting of a geochemically inhomogeneous mantle source region, enriched in incompatible elements by metasomatic processes and possibly containing amphibole.
Another line of evidence for a meta somatic event in the mantle is provided by the occurrence of secondary amphiboles in some lherzolite xenoliths (GIROD et al., 1981) .
Available trace element and textural data of ultramafic xenoliths (MILLER and RICHTER, 1982) show that they are not related to their host lavas as either source or residual material. These xenoliths indicate minimum segregation depths corresponding to pressures of 10 15 kb for the basanites. A maximum depth of segrega tion at about 18 20kb is inferred from the absence of garnet in the megacryst and lherzolite xenoliths assemblages. This latter depth could correspond to the lithosphere/asthenosphere boundary beneath the Hoggar shield. BROWN and GIRDLER (1980) have interpreted the negative Bouguer anomaly as associated with thinning of the lithosphere to about 60 km. Lithospheric thinning as a consequence of rifting could also account for the high heat flow seen in the xenolith mineral assemblages and for the migration of metasomatizing fluids caused by mantle degassing. 
